WO 02/ 14850 PCT/ US01/ 25264 A PROCESS AND DEVI CE FOR CONTI NUOUS | ONI C

MONI TORI NG OF AQUEQUS SOLUTI ONS FI ELD OF THE | NVENTI ON The present

i nvent i onwoel2aue® to the nmeasurenent of the conductivity dcTiasuiiesspeci es
in water and to enhanced conductivity nmeasurenments of "cation conductivity"

and "ani on conduct iAYi’Pb('j'ESB" IVICEROR T TORTENEBUS Tongd s defined as the
conductivity of a sanp q\gbﬂIT @ﬁi@ﬂﬂﬁg%ﬁl ’l‘l{@%Né he cations in the
sanpl e have been replaced w't ydrogen 1 ons. e erm "anion
conductivity" is defined as the conductivity of a sanple in which

essentially all of the anions in the sanple have been replaced with
hydr oxyl i19p¢p O tﬁ{ﬁ NFIGNE- correct ed neasurenents of the specific
conducti vity, ' ity, and anion conductivity of a sanple, the

H of high i d. BA ND OF THE
PAVENT! 0N oy daY PR i by d8eBE B h et nE o i Elbnst S POV SR e
e o dn P MR RS PR BB R BB 1

f th | it h, i.gi.nal | t.s. ,,Th ' d i V] d. th
oni on condangieliy TRE e Spfiicenelidny ianed sk SROGFHk ph o fuiiG
i ndi cation,of the.i.onic_ purity of the er .being tested. .In npde

ectri ¢ gt eGRHR R as i smline &t ok RnlEhSf oPRb MG TR ISR Breols
gt gg';nr iogi Pers“ rr%est b(? .calo,t.i u I;/ noni.t or ed }or ‘iée?ni (o roiét 16 3 t:gat ed
to prevent®FbrAEBicERIUSHYE, & %%F‘g? the panduchyity of a sqmp %’P«-ﬂﬁ‘? ?f?%?‘%&?,ﬂ and t he

condensers.. Sanpl e. strea rom vari.ous rtg of the .
of the anlons in the samp eﬂave been replaced vﬁ% hy?iroxyl ions. With temperature-

corrected measurements of the specific conductivity, cation conductivity, and anion

conductivity of a sample, the pH of high purity water can be accurately calculated.

BACKGROUND OF THE INVENTION

Conventional methods for conditioning water for the measurement of cation
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increases, the time delay of the measurement increases. Of course, if the sample stream flow
rate is increased to decrease the time delay of the measurement, the frequency of the need for
column replacement or regeneration again increases.

Most, if not all, of the above limitations and deficiencies of conventional apparatus
and processes for ionic monitoring of aqueous solutions are either overcome or at least
significantly improved upon by the improved process and device for continuous ionic
monitoring of aqueous solutions according to the present invention. Other objects and
advantages of the present invention will in part be obvious and will in part appear hereinafter.
The invention accordingly comprises, but is not limited to, the apparatus and related methods,
involving the several steps and the various components, and the relation and order of one or
more such steps and components with respect to each of the others, as exemplified by the

following description and the accompanying drawings. Various modifications of and
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hydr oxyl ions which are produced in acent source of such .
y y correction techniques, on a sample stream sJ been passed through or otherwge in

contact with a cation exchange material which absorbs esseritially all of the cations in the
stream and replaces them w1th hydrogen ions. In accordance with the present invention, this
cation exchange material is continuously regenerated by the passage of hydrogen ions which
are produced in an adjacent source of such hydrogen ions, such as an anode compartment
which is separated from the cation exchange material by a cation exchange membrane, or a
bipolar membrane which is in contact with a portion of the cation exchange material. In
accordance with the present invention, another portion of the cation exchange material is
maintained in contact with a cation exchange membrane which isolates the cathode
compartment to which the cations originally absorbed by the cation exchange material
migrated under the influence of a DC voltage gradient.

In a like manner, anion conductivity measurements are taken using a conventional
conductivity cell, together with temperature correction techniques, on a sample stream that
has been passed through or otherwise in contact with an anion exchange material which

absorbs essentially all of the anions in the stream and replaces them with hydroxyl ions. In
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temperature-corrected anion conductivity determined in accordance with this invention can

be used in calculations to highly accurately determine the pH of the sample stream being
monitored. This method of determining the pH of high purity water also has the benefits of
stability, lack of drift, and lack of contamination which are problematic for conventional pH
measuring devices when used for high purity water.

The present invention also contemplates the independent use of cation exchanger
units as herein described for monitoring the cation conductivity of a sample, and the
independent use of anion exchanger units as herein described for monitoring the anion

conductivity of a sample.

BRIEF DESCRIPTIONS OF THE DRAWINGS

Fig. 1 is a schematic cross sectional view of an ion exchange unit according to a first
embodiment of the present invention wherein ion exchange material is contained between
walls of ion exchange membrane which walls contain or are otherwise in contact with

electrodes.



Figs. 2A and 2B are schematic top and cross sectional views respectively of
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Highly accurate pH determinations for high purity water can be calculated from
temperature-corrected measurements of specific conductivity, cation conductivity and anion
conductivity utilizing the apparatus and methods of the present invention. In accordance with
a preferred embodiment of this invention, a cation conductivity sample stream and an anion
conductivity sample stream are treated and measured for conductivity. In general, in the case
of the cation conductivity sample stream, after exiting the conductivity meter, part or all of
the stream flows past the anode (positive) electrode, then flows by a fluid conduit means past
the cathode and continues on to waste. At the anode, hydrogen ions are produced by the
electrolysis of water from the previously measured sample stream, and these hydrogen ions
migrate, under the influence of a DC voltage, through a cation exchange membrane, into the
cation exchange material, where they regenerate the cation exchange material by displacing
other cations which had been absorbed from the sample stream. These displaced cations then

migrate under the influence of the DC voltage through a cation exchange membrane and to
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In one preferred embodiment for configuring an ion exchange unit in accordance with
this invention, as schematically illustrated in Fig. 1, electrodes 170 and 171 are physically
separated from the bulk of the ion exchange material 172 by means of an ion exchange
membrane 173 of the same charge as that of the bulk material. The membrane 173 and the
walls of the container form a compartment 174 in which the electrode 170 is contained and
through which the previously measured sample flows to provide water for electrolysis and to
sweep away gas bubbles generated by the electrode. It is preferred that the electrode be in
contact with the cation exchange membrane 173, or that the compartment 174 be filled with
an ion exchange material of the same charge as that of the membrane.

In another preferred embodiment for configuring an ion exchange unit in accordance
with this invention, only an ion exchange membrane is used as the ion exchange material, as
schematically illustrated in Figs. 2A and 2B. In this case, a flat sheet of ion exchange
membrane 180 is clamped between two electrically insulating plates 181 by means of bolts

through holes 188 around the periphery of the plates. An inlet means 182 is provided for the
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2A and 2B would apply for the anion conductivity case.

Referring to Fig. 3, one form of a continuous ionic monitoring system according to
the present invention is schematically illustrated usin;g two ion exchange units according to
this invention in a parallel configuration. The system includes a sample fluid inlet 200
connected by a fluid conduit to a conductivity meter 201, which contains a mechanism for
continuously measuring both the conductivity and the temperature of the sample stream.
From the outlet of the said meter, the sample flows by means of a fluid conduit 202 into a
stream divider 210, typically a T-junction or valve, which in turn is connected by means of
fluid conduits 220 and 221 respectively to the inlet of a continuously regenerated cation
exchanger vessel 230 according to this invention and to the inlet of a continuously
regenerated anion exchanger vessel 240 according to this invention. In each exchanger
vessel, electrodes 231 and 232 (vessel 230) and electrodes 233 and 234 (vessel 240),

described below, are spaced apart with the respective cation or anion jon exchange materials
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A cation exchanger unit in accordance with the present invention can be constructed
without an integral cathode, provided that an electric field is established across the unit
utilizing the anode element of the unit, and provided that a waste stream flow path is
provided along what would be the cathode side of the unit for removal of displaced cations.
Similarly, an anion exchange unit in accordance with the present invention can be constructed
without an integral anode.

Thus, in a variation of the embodiment of this invention as shown in Fig. 3, the cation
exchanger unit and the anion exchanger unit can be consolidated into a single unit bsr
eliminating the cathode element of the cation exchanger, eliminating the anode element of the
anion exchanger, and positioning the cation exchanger compariment back-to-back with the
anion exchanger compartment.

The sample pH may be calculated from the conductivity data generated according to

this invention utilizing the following systems of equations:
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Equations

K® = 1/1000 (Cx*Li + Ca*La + Ca’Lit+ Cor’Lon)

k€ = 1/1000 (Ce°“Lig+ Ca“La+ Con®Lon)

k3¢ =1/1000 (Cx*°Ler + Co*“Las+ Cor“Log)

Charge Balances:

Cx®+ Cu®=Ca® + Co®

CCC = CASC + Coi’C

CorC = CAC + CuAC

Because the anion concentration is unchanged by passage through a cation exchange column,
and the cation concentration is unchanged by passage through an anion exchange column:
CC =,

G = 0

Because the hydrogen ions released are equal io the other cations absorbed by the resin:
CC = O + Cuf

Because the hydroxyl ions released are equal to the other anions absorbed by the resin:
Con®=Ca’ + Cor®

The disassociation constant of water, Kw = CyCon and —logKw = -logCr-logCon = 14 at

25°C.
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wat er, Kw = COH and 1Emlll ogKw(;o—a-)tl%igCle—f}c | og H&%V‘% at qgféc&ﬁ‘\%%"‘g%%%o

PCT/ US01/ W%sd@@f@iﬂ%&é%ran@%%m aﬁ‘éﬁre&‘ﬁ@h'tﬁé’itﬁaxh%eﬁ%'té’s@edt |dfionyiSt em of

equations ‘for the salts of strong bases and strong aci s to obtain the

actual DHinf8imdio Sbllecfed 3n GHREY kIR LiMeRld bhffie cRbhia d;lofn G fipyeak bases

and weak acids are present in't stream ing teste t'l ona

| nfor mat | %iﬁg@'s{ré‘é{-ﬁ Efby! eg(él‘H%lgt 6talaiﬂ 5&%?&%51‘?@&?32?19?%{«%% é?ff eh’ll ation of

the pH of sanpl'e st or ex organi c

T e R b B SR A, L
pH 1t will, ﬁﬁ&{)&q‘%eﬁﬁ to those skilled in the art that other changes and
nodi fi cati ons made i n the above-descri bed apparatus, processes and

met hods wit hou&t v%ﬁ B&, It)ﬂa?&t o R8% s%‘fled in the art that other changes and modifications may

be made in the above-described apparatus, processes and methods without departing from the

scope of the invention herein, and it is intended that all matter contained in the above
description shall be interpreted in an illustrative and not a limiting sense.

What is claimed is:



scope of the invention herein, and it is intended that all nmatter contained
in the above description shall be interpreted in an illustrative and not a
limtingveenyessso Wat is clained is: WO 02/ 14850 PCT/ USO1pebEP6en/252ds CLAI M5
1. Apparatus for determining the ionil¢ purity of an aqueous sanple, said
appar at us CamMs si ng: a conductivity meter for nmeasuring the conductivity
and tenperature of a sanple; a cation exchange el enent for exchanging
cations preseni in godasdnksdor rﬁmﬁﬁg&fn(ﬁﬁd}s{mtysaﬂmlaguédag sdiysle.agign ions while
said cation portlon I's passing in contact wth said cation exchange

el ement; @peRRAYCInhpHsiny; meter for neasuring the conductivity and
tenperature of sali ca i on portion after contact with said cation exchange

el ement; a cat j eehdRXiig Rker 2bCHERLrnSHE BHIREAVAD a8Y RhPEIhRE ofPRhipioUs! y
regeneratlng said cation exchange el ement by di splacing cations renpved

from sai d cati gpyRAr keraﬁgmtﬁerﬂwexayaﬂgﬁgeahdnppés&memm HioLbeGidr ol ysi's

of water; an ani on exchahge el ement for exchangi ng ani ons present in an

ani on portsérg ml(,ffé reafi¥ (yd 005 o Wk d B cb @l k portion is
passing in c ﬁ?%b?aaglﬂésal 5%@6%9 wg ggF’lgmsntnca tgﬁ%ﬁé?@%lty met er
for neasurkﬂgn%;% QEdUCtIVIty and tenperature of said anion portion after
contact wit ani’on exchange el enent; and, an ani on exchange el enent

regeneration sy ?5&%&&% r&e?&%ﬂﬁ@ééﬁ&d 99&121‘3&?'}51:& 8 #@pdra QbPéhﬁ&ﬁ&?“ge

el enent by di splaci ng ani ons renpved ron1sa ani on por ron wt

portion after contact with said cation exchange element;

a cation exchange element regeneration system for continuously regenerating said
cation exchange element by displacing cations removed from said cation portion with new
hydrogen ions generated by electrolysis of water;

an anion exchange element for exchanging anions present in an anion portion of said
sample for hydroxyl ions while said anion portion is passing in contact with said anion
exchange element;

a conductivity meter for measuring the conductivity and temperature of said anion
portion after contact with said anion exchange element; and,

an anion exchange element regeneration system for continuously regenerating said
anion exchange element by displacing anions removed from said anion portion with new

hydroxyl ions generated by electrolysis of water.

2. Apparatus according to claim 1 wherein said cation exchange element
regeneration system comprises:
an anode compartment including an anode, an anode compartment inlet end, and an

anode compartment outlet end,;



hydr oxyl ions generated by electrolysis of water. 2. Apparatus according to
claim1l wherein said cation exchange el enent regeneration system

conpri sewoam4node conpartnent including an anode, an anpdEUS@M3sa¢4t ment
inlet end, and an anode conpartnent 1dutlet end; WO 02/ 14850 PCT/ USO1/ 25264
12 a cat hode CQ &e%%afh%ﬁt%l% a%%@%dgcatgo&%%gﬁm B hERG of NI et
end, and a cathode co rtment outtet en Irect “current povver sour ce;
at | east acﬁl@ﬁé&ﬁn gbrane di sposed to forma cation nmenbrane
conpart ment catl on renbr ane conpartnment having a cati on nenbrane

conpart nent (ﬁltetac%gre §% ggenbr ane conpartnent outlet; and, a cation
exchange rraterl Sll Spos in sald cation nenbrane corrpartrrent

Appar at us acco I X{’Q_% i an errent
regeneration s%@%%%‘%%oge%ﬂ%ge an a’%}ééc]%ﬁlgog%p%% né’f‘%% an anode, an
anode conpar L men & end nd_an rrent utlet e

cat hode coﬁ{ﬁlg T "E‘anr%tsall (RO RT ng léangg?lﬁga&gnen g cc? 0%811%1 fatnﬁﬁ?ﬂ‘parrﬁ'l\é‘? end
and a cat.hode cogtﬁartmaﬁ outlet end: ect current power source;

| east an ARPGHIES argEr egtp%&la? form an ani on menbrane
conpar tment |+ AFMISRANEaES TAleAn dip Cﬁ@amﬁé’?ﬁg%ﬁ@ﬂ SSetpatteding.

-

3. Apparatus according to claim 1 wherein said anion exchange element
regeneration system comprises:

an anode compartment including an anode, an anode compartment inlet end, and an
anode compartment outlet end;

a cathode compartment including a cathode, a cathode compartment inlet end, and a
cathode compartment outlet end;

a direct current power source;

at least an anion exchange membrane disposed to form an anion membrane
compartment, said anion membrane compartment having an anion membrane compartment
inlet and an énion membrane compartment outlet; and,

an anion exchange material disposed in said anion membrane compartment.

4. Apparatus according to claim 1 wherein said cation exchange element
regeneration system further comprises:
two electrically insulating planar elements, a first of said planar elemenis comprising

a fluid inlet and a fluid outlet pair and a sample stream channel disposed therebetween along



an ani on exchange material disposed in said anion nenbrane conpartnent. 4.
Appar atus according to claim1l wherein said cation exchange el enent

regener atwon2/sagst em furt her conprises: two el ectrically iPeDUSI23e4pl anar
el ements, a first of said planar elem@nts conprising a fluid inlet and a

fluid outl ' di I . al ong
vo 02/ 1a58° R R R R4 Bhh A a0 Rt RS RS BEPRLNG S 27

el enent s rl $ing o I i LIS, each having an
el ect rode%c aﬁ%czllhgtg'ﬁgﬁgg%{:%dgﬁ? a %‘H%Q%ﬁ‘;e“é#a%‘e’ %J%Aeeﬁt%%e t?é’;}rfl:;'l(;rlﬁsanode cont ai ned
in one of said r nnel cont ai.n in. ot her of
sai d eIectrodemgﬁgﬁégﬁggnggﬁfﬁg0@%@?%%%8§%ﬁ%§%%5ﬁ%ﬁ%?gﬁ@ga?g%%%gﬁ Set ween
said two pl,an I nts,, sai.d nmbrane being in contact with said anode
and said €§P %%%%éﬁ%ﬁgd%ﬁgmgﬂ%@ggg of said nmenbrane and being in contact

wi th said sanpl e stream channel alon opposjte surface. 5. . Apparatus
according to c?8?%?f“&ﬁ@¥%?ﬁ“§ﬁ?ﬁdﬁﬂﬁﬂ%£§%@%ﬁﬂ%%“@ﬁ%ﬁ%% mn?@bﬁﬁ@fation
system further c ri.ses: two electrically.i atin | apar el emrents, a

Y Pt ot - SO HAe 1o st St prde o S atpae Hmaak SR of Rl o out et
pair and a s | e ream channe| di sposed t herebetween al ong . one face

Pher eof ; ASREBRANE POH MEBREARID S EREISEHTSROE RotABe PR THPG  and
fluid outlet pairs, each having an el ectrode channel therebetween, along
one face thereof; an anode contained in one of said el ectrode channels and
a cat hode contained in the _other of said electrode channels; and, an anion

exchange nenbr anePRPSPE S6¢PTHBE (edaimslavhprein saish poipm pXCBAREREIANNENt saj d  menbr ane

being in contact with said anode and sai d cat hode al ong one surface of said
regeneration system further comprises:

two electrically insulating planar elements, a first of said planar elements comprising
a fluid inlet and a fluid outlet pair and a sample stream channel disposed therebetween along
one face thereof; a second of said planar elements comprising two fluid inlet and fluid outlet
pairs, each having an electrode channel therebetween, along one face thereof;

an anode contained in one of said electrode channels and a cathode contained in the
other of said electrode channels; and,

an anion exchange membrane disposed between said two planar elements, said
membrane being in contact with said anode and said cathode along one surface of said

membrane and being in contact with said sample stream channel along the opposite surface.

6. Apparatus according to Claim 2 wherein said anode and said cathode

compartments are filled with a cation exchange material.

7. Apparatus according to Claim 3 wherein said anode and said cathode

compartments are filled with an anion exchange material.



menbrane and being in contact with said sanple stream channel along the
opposite surface. 6. Apparatus according to Caim2 wherein said anode and
sai d cat voade2/1486mpartnents are filled with a cation excharQeUREI/2eé4al . 7.
Appar atus according to C aim 3 whereilh sai d anode and sai d cat hode
conpartments are filled with an anion exchange material. WO 02/14850
PCT/ US01/ 25264 14 8. Apparatus according to Caim2 wherein said anode and
sald cathode age i n CHsbortl B E1afifls Wil 98, HR B fogareiPPAr AL Us
sal d cat hode

according to daim erein sard anode an ~are In contact
with an a@&RQF%éﬁaﬂﬂﬁﬁl&EﬂB@%ﬂ%nPﬁ%e.A.SySte”]for neasgr!ng_the ionic
purity of "a Tl owm ng aqueous “sanple, said system conprising: a neans of
measuring the conductivity and tenperature of a flowi ng sanple stream a
means of splitting said flowi ng sanple streaminto two substantially equal
split sanple gtreaps; means. f or ~conti S exchangi I for
hydr ogen i ons ?n oﬁgigﬁ%gﬁPﬂn’%??%Cﬁ%%égﬁgg% %%%%%ae%ﬁ%%g%?ﬁ%%%%?%ﬁously
exchangi n nions for. hydroxyl ions in the other of said split sanple
streans; g@ﬁ%ﬁﬂgﬁgPaﬁ@ﬁéﬁ@ﬁﬁérﬂgg%a?%e conductivity and tenperature of each
of said split sanple streans follow ng said continuous ion exchange; a
means of calculating the pH of the sanple streamusing the tenperature and

conduct | viLy ol the, or gl Bal, SRl oSNt Bl hhebOucthle e

system comprising:
a means of measuring the conductivity and temperature of a flowing sample stream;
| a means of splitting said flowing sample stream into two substantially equal split
sample streams;

a means for continuously exchanging cations for hydrogen ions in one of said split
sample streams, and for continuously exchanging anions for hydroxyl ions in the other of said
split sample streams;

a means of measuring both the conductivity and temperature of each of said split
sample streams following said continuous ion exchange;

a means of calculating the pH of the sample stream using the temperature and
conductivity of the original sample stream and of said two split ion-exchanged sample

streams.

11. A method for determining the ionic purity of an aqueous sample, said method
comprising the steps of:

measuring the conductivity and temperature of said sample;



11. A method for determining the ionic purity of an aqueous sanple, said
met hod conprising the steps of nmeasuring the conductivity and tenperature
of said deopl/esiNO 02/ 14850 PCT/ US01/ 25264 15 conti nuousbP@T/@selsee ng
cations in a cation portion of said danple for hydrogen ions by contact

W th a cation ERHANAS SURNER: bRk SRHR b5 LORAR BT RUBRlde"

exchange el enent W new ogen | ons; asuring t ctrvity and

tenperatu I Y rti f said sanple exiting fromsaid
iof Sract Yitfl aGHidrPeke eglgé gllgﬂleﬁt,

contact w a cati1on exchan enent; continuously exchanging anions in
an ani on porti ; i gq{m . | Qp@} i.th an anion
exchange el ene%@ﬁgé%l%@irgr%gus fe ﬁaﬁ%ﬁ@?a cﬁ%eg%ﬁg‘ﬁf&%% e cﬁ%ﬁgnté’l enent
e Y i TR 8 S e B0 P RFRAE T ¢
exchange el.enent;: and, cal cul ati.n t he jonic yurity of the sanple based on
sai d condtct %ﬁ?@%ﬁ&b@gﬁﬂ%ﬁﬁﬁbgge@g?’éﬁﬁer%eﬁ’s. 12. A nmethod according to
claim 11l wherein the exchangi ng.of .catiaons far rogen Jjans and the

conti nuous r eg‘é‘ﬁ‘é‘?‘é‘ﬁs@ﬁngané% %“8‘3%’1‘ %aﬁ%ﬂgﬁﬁ%oga&@ﬁ?ﬂiflgﬁﬁaf%ﬂﬂ%

usi ng: an anorge COﬂpart.nent%lqﬂ?w h an anode, an inlet end, and an

out | et endY coniact 3¢t 3A AUOR ¥ ans with a cathode, an inlet end, and
an outlet end; a di rect current. power source, two é‘ati g& exchange
Y,

menbr anes di spBEBUQUSY FereRr AN AN PR ABeE Hlemprt iR iepxyl ions]

measuring the conductivity and temperature of said anion portion of said sample

pood

exiting from said contact with an anion exchange element; and,
calculating the ionic purity of the sample based on said conductivity and temperature

measurements.

12. A method according to claim 11 wherein the exchanging of cations for
hydrogen ions and the continuous regeneration of said cation exchange element is performed.
using:

an anode compartment means with an anode, an inlet end, and an outlet end;

a cathode compartment means with a cathode, an inlet end, and an outlet end;

a direct current power source;

two cation exchange membranes disposed to form a compartment between them, said
compartment having an inlet means and an outlet means; and,

a cation exchange material disposed in said compartment between said membranes.



conpartment having an inlet neans and an outlet neans; and, a cation

exchange material disposed in said conpartnent between said nenbranes. WO
02/ 14850 WVRC0Z/LUBBIL/ 25264 16 13. A net hod accordi ng to cl apar/Usomisessei n t he
exchangi ng of anions for hydroxyl idas and the continuous regeneration of

sai d anion eXCbﬁngeAﬂieﬂ{m%cdr&nQﬁhﬂﬁﬁﬂﬂthdﬂ&hﬂﬂexéﬁnﬁﬂ%ﬂﬁarﬁdwtm‘lnt means
with an anode, an inlet end, and an outlet end; a cathode conpartnent

neans W t BydrosAtidiedsd ﬂﬁ@oﬁtﬂﬂu@ﬁs @Mcraﬁﬂﬁoﬁ&d%ﬁdn%&c&ﬁ?a eleerfllid Reformsl I ent
0

power source; two ani on exchange nenbranes di sposed forma conpartnment
bet ween t gy said conpartnment having an inlet neans and an outlet neans;
and, an anion exchange mat eri al di sposed in said conpartnent between said

menbr anes. an AhodB bOREh AP R GyithOnChadd T ad hidhBad, hdlad SRt & angi ng of

cations for hydrogen tons and t he continudus regeneration of Said cation

exchange el ene I I n | at es;
g Qg pfdalt%g ﬁ%ﬁﬁﬁme‘dﬁé@ﬂla%&%ﬁoc@ ﬁﬁhfeté}f'z‘l Argidn b @inang P

with one of sal ving an 1 nlet, an outlet an channel for the

sanpl e stream idinlet and out on one side of said
pl ate; secondghﬁagé ggﬁggpwggan inlet, an outlet, and a channel between

on the same o I8 %\5&12%. %&%é‘%}@*g@%ﬁ%“dmﬁﬁﬁW%E@“&%%%Qﬁa"%eﬁﬁh%“@m “out et
cont ai ni n%o%p%&%ﬂ&éhﬁ%%eﬁnﬁﬁs'aﬁ@an?xﬁﬁ?ﬂl WE@brane di sposed between two

sai d pl ates, <& 4 ano sai d cat hode on one side

and contact wi L, 56l & SRkl SRS boRurkhs b ARG LS ne

14. A method according to claim 11 wherein the exchanging of cations for
hydrogen ions and the continuous regeneration of said cation exchange element is performed
using:

two electrically insulating plates; with one of said plates having an inlet, an outlet and

- a channel for the sample stream disposed between said inlet and out on one side of said plate;
second said plate having an inlet, an outlet, and a channel between said inlet and outlet
containing an anode, and having an inlet and outlet on the same side of said plate and a
channel between said inlet and outlet containing a cathode; and,

a cation exchange membrane disposed between two said plates, having contact with
said anode and said cathode on one side and contact with said sample stream channel on the

opposite side.

15. A method according to claim 11 wherein the exchanging of anions for
hydroxyl ions and the continuous regeneration of said anion exchange element is performed

using;



15. A nmethod according to claim211l wherein the exchangi ng of anions for
hydr oxyl ions and the continuous regeneration of said ani on exchange

el enent iwOpBI4860 med using: WO 02/ 14850 PCT/ US01/ 25264 RCTASMI/25264
electrically insulating plates; with1dne of said plates having an inlet, an

outlet and a GRAGIBRticAIP inshiBfneSHNRY; Svithlons 8t SReSRA iBehWaeNabal: 4dal et and

out on one side of said plate;” second said plate having an inlet, an

outl et, anthanfDRPHkaRlk WB&H dfed BERiendnd ifbtlah@but cﬁl%%@fd@hfb@id?l‘at@;mde’
and having an inlet and outlet on the sane side of said plate and a

channel  bebykaRaig Blatk Hatinglan 38, MEURE 2 PHERINRY BOivRer Sid PR andiffier 2N ani on

exchange nenbrane di sposed between two said plates, having contact with

sai d_anodeoadlinsahdnsdt RRORYAR o8 Mershd Bud Gn ARLAE Liddbf BidHkd le stream
channel onot he oppo('ss\(%fe SI éi’e.g 16.eA ms?hognaccor dlglnévbto @gi r%ﬁéi‘gpv\her ein
sai d anode,apd KAl 1L [ Wac=Tatd .Llted with a cation exchange
mat eri al .%17. %Amne%ﬁgglhgg%g‘%?ﬁgat%om ai’%c%&\i/éﬁg}rl%i n said anode and said
cat hode conpa ) il Led w ' C ' 18. A

met hod accor di %ltég;tﬁéﬁ %cgﬁe%vsﬁ%}e&%%%{t&@ﬁggké&ge(fl?l%ﬂé&gg& g@é? E%@ect‘gg% in
contact w_t. I e I . i r di aim13
wher ei n szg%ng ag%(%?ﬁgalh gﬂ%%étg?%nogla nﬁggg aﬁ&r]gonlta:]c?wg@ﬁ a%:‘?&{c/f\? %ﬁe%%n&'g%l% (1)%)]191:(51)%' change
menbr ane. oﬁBOsit’g‘si%@t hod for measuring the ionic purity of an aqueous sanpl e,
sai d nmet ho conprising the steps of neasuring the conductivity and

tenperature of a sanple stream

16. A method according to Claim 12 wherein said anode and said cathode

compartments are filled with a cation exchange material.

17. A method according to Claim 13 wherein said anode and said cathode

compartments are filled with an anion exchange material.

18. A method according to Claim 12 wherein said anode and said cathode are in

contact with a cation exchange membrane.

19. A method according to Claim 13 wherein said anode and said cathode are in

contact with an anion exchange membrane.

20. A method for measuring the ionic purity of an aqueous sample, said method
comprising the steps of:
measuring the conductivity and temperature of a sample stream;

splitiing said sample stream into two substantially equal split sample streams;



splitting said sanple streaminto two substantially equal split sanple
streans; WO 02/ 14850 PCT/ US01/ 25264 18 continuously exchangi ng cations for
hydr ogen wonz148%0 one of said split sanple streans and coRCT/WS@LESR6A
exchangi ng anions for hydroxyl ions il the other of said split sanple

Stream; s ULl R bR aRRNGHE FFtito B oh SRS A1 sl ¢

split sanple streans us 1 on exchange;

conduct i vipy aoRp xR ol B LAARLERES O Gt ARG B G PRT

ion-excha% g&n anple streans. 21. Apparatus for determ ning the cation
conductivity of an aqueous sanple, said apparatus conprising: a cation

h I t f [ ti to i | e f hyd
Cons ani 1o sai theasipe BRERT Relbil R W mpHERR et S AR B Bge.
el enent ; ?onduct'vi. meter for measuring the conductivity and
t enper at u&%l P h%tﬂuélonaef’?}éarng%’c?ﬁ act with said cation exchange

el enent; and, a,cation exch e el.enent regeneration systemf or,

cont i nuous!y r SyeHiEingdheR L sample HEamaR Birdemerrefiis Andsgodset AL ey
cations renopve frPn1said ajio orti.on wth new hydro%en i ons generat ed
by el ect rcﬂ“%’f’gsaﬁlp & eaR and ot said iy splitjen-exchensgd sple SE24Bm 21 wherein sai d

cation exchange el enent regeneration system conprises: an anode
conpartment including an anode, an anode conpartnent inlet end, and an
anode conpartnent outlet end; a cathqde conpartnent including a cathode, a
cat hode conpar £hent APRIF&LS {on detergyping the cation conductivity of an aqueous sample, said

apparatus comprising:

a cation exchange element for exchanging cations present in said sample for hydrogen
ions while said sample is passing in contact with said cation exchange element;

a conductivity meter for measuring the conductivity and temperature of said sample
after contact with said cation exchange element; and,

a cation exchange element regeneration system for continuously regenerating said
cation exchange element by displacing cations removed from said cation portion with new

hydrogen ions generated by electrolysis of water.

22.  Apparatus according to claim 21 wherein said cation exchange element
regeneration system comprises:

an anode compartment including an anode, an anode compartment inlet end, and an
anode compartment outlet end;

a cathode compartment including a cathode, a cathode compartment inlet end, and a

cathode compartment outlet end,;



cat hode conpartnent outlet end; WO 02/ 14850 PCT/ US01/ 25264 19 a direct
current power source; at |east a cation exchange nenbrane di sposed to form
a cati onwenbr@se conpartnment, said cation menbrane conpRCT/SN25kEVi Ng a
cation nmenbrane conpartnment inlet and a cation nenbrane conpart nent
outlet; and, a %E%::%M%B&%t erial disposed in said cation nenbrane
conpartnent. 2a3. Apparat'us according to Cl aim 22 wherein said anode and

sai d cat hode ?@%@5 {’%R%teg?lﬁﬁhge 231\%#)1%93 Hﬁﬂogefi?ifogﬁlg% ge%tﬁ’é%g%&emt erial. 24.

Appar at us accordi ng erel n sal cathode are in

COMt ROt e gyl A GRS PR Ao BEPRBH o BREL A By ©! 1
conpri Ses;'n%t\r’%ﬁd%lc%tnr&&ﬁ{nla}{e g&ﬁq%{l}?%h?%ﬂg{;%@r el enents, a first of said

pl anar el e S conpriSing and a fluid outlet pair and a
sanpl e stream channel .disposed therehetween. alon one fa hereof; a
second of saida57 Hé?dgwéﬁéﬁﬁgﬂé@%%$$§?ﬁﬁfFﬁﬁngF%#ﬁ”PﬁP%Pgﬁﬂﬁﬁf|uid out | et
pairs, each having an el ectrode channel therebetween, along one face

t hereof ; an anode contained in one of said el ectrode channels and a cat hode
contained in t of her of said electrqde.channels; .and, cation exchange
nenbr ane di spogid RAEUHS ?ﬁ?@%&%ﬁﬁrﬁggﬁvhﬁe@’r@fé@de%%f?%osa‘adrF@ﬁ]Bfl%me being in
contact with said ano%@gﬂnd sai d cat.hode aloag one surface of said

menbr ane SATPHEPTS 6 Pl g cgtiqexeiange walidle st ream channel al ong t he
opposite surface. WO 02/ 14850 PCT/ US01/ 25264

24.  Apparatus according to Claim 22 wherein said anode and said cathode are in

contact with a cation exchange membrane.

25.  Apparatus according to claim 21 wherein said cation exchange element
regeneration system further comprises:

two electrically insulating planar elements, a first of said planar elements comprising
a fluid inlet and a fluid outlet pair and a sample stream channel disposed therebetween along
one face thereof; a second of said planar elements comprising two fluid inlet and fluid outlet
pairs, each having an electrode channel therebetween, along one face thereof;

an anode contained in one of said electrode channels and a cathode contained in the
other of said electrode channels; and,

a cation exchange membrane disposed between said two planar elements, said
membrane being in contact with said anode and said cathode along one surface of said

membrane and being in contact with said sample stream channel along the opposite surface.



20 26. Apparatus for determ ning the anion conductivity of an aqueous
sanple, said apparatus conprising: an ani on exchange el enent for
exchangi mgo ani48ss present in said sanple for hydroxyl i oreTWRIlZ26@1 d
sanple is passing in contact with sai2d ani on exchange el enent; a
conductivity ngder gfaciRastiddhuddione SeHekldbtiviy 3Rt IGRRRIAlleoR] sal d
sanple after cont acéHag\Ath sal d anion exchange eltg?r’e%}t% an ,Sg%lgeésni on
exchange g, Jn%g.}@r ation systemfor continuously regenerating said
ani on exchange el enent by di spl aci ng ani ons renoved from sai d ani on portion
wi th new hydr e ﬁ%ﬁ ' X ratus
according to c%%lﬁgé%&gﬁ%rgggﬁl%@g?r gtﬁl n%tgg%%a%%ng Sﬁea%ﬁplﬁégé‘%@?gﬁi on
system conpLi " rNle ' 0 .an anode
conpart ne%gik‘%ﬁéfa@nﬁ,i g%&@%@%@%P%ﬁmgﬁé %ﬂ%ﬁ?’{cgglﬁ% g[que%; a cat hode
compartment ingl udi . . C nar nt_.1.nl nd a
cat hode conpar @%%ﬁ?l@%rgﬁ ;eag ,gﬁfé%?oq@ﬁ&ﬁ/gﬁgn &pfé%@%ratsu&?%sgl;%%éﬁm {%east an
ani on exchange menbr.ane, di. sposed to form an ani on nenbrane conpartnent,
A Bl N  A H RnRe e

said anio n an ani on nenbrane conpartnent inlet

an .ani g& exchange terial

d i nbr. t t tlet:
LR A G e Sl
CEREE RER R R

hydroxyl ions generated by electrolysis of water.

27.  Apparatus according to claim 26 wherein said anion exchange element
regeneration system comprises:

an anode compartment including an anode, an anode compartment inlet end, and an
anode compartment outlet end;

a cathode compartment including a cathode, a cathode compartment inlet end, and a
cathode compartment outlet end;

a direct current power source;

at least an anion exchange membrane disposed to form an anion membrane
compartment, said anion membrane compartment having an anion membrane compartment
mlet and an anion membrane compartment outlet; and,

an anion exchange material disposed in said anion membrane compartment.

28.  Apparatus according to Claim 27 wherein said anode and said cathode

compartments are filled with an anion exchange material.



21 29. Apparatus according to Claim 27 wherein said anode and said cat hode
are in contact with an ani on exchange nenbrane. 30. Apparatus according to
cl ai m 26 wiezr/eisso sai d ani on exchange el enent regener ati oRCEYStIE@sRd4urt her
conprises: two electrically insulatinng planar elenents, a first of said

pl anar el enent §9.ConR15ﬂa§itHQaccé’rdfn?% Blaih 28 biepeh Qid %thmﬂ%d%tlﬁ@é &eg&daa

sanpl e stream channel” di sposed (herebetween al ong one face thereo

second of csahd RiBmahical KMRRESmERPRAE Si Ng two fluid inlet and fluid outlet
pairs, each having an el ectrode channel therebetween, along one face

t hereof, an anode contained in one of said electrode channels and a cat hode
contained in the other of said electrode channels; and, an ani on exchange

menbr ane di sposgd bebyEal £8bHink 0 R AS hinGLRIEA ion $ne HIRLANS DI NG 1N

contact with said an sal d cat al ong one sur Sai d

menbr ane Qﬂ%?%?ﬁgﬂg%&nﬁ%ﬁ%?ﬁ% M%%P sai d sanpl e stream channel al ong the

opposite s . or determning the cation conductivity of
exchangi ng. car gty bR ES BeahEl At S Rng PR eoRirRe X
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claim 31 V;Ql?sr, %LC@I ﬁa@x%geal)l( %lggtpo%e rc‘:ﬂancl)lfel tﬁg'te{)e%gent glgng one face thereof,

an anode contained in one of said electrode channels and a cathode contained in the

other of said elecirode channels; and,
an anion exchange membrane disposed between said two planar elements, said

membrane being in contact with said anode and said cathode along one surface of said

membrane and being in contact with said sample stream channel along the opposite surface.

31. A method for determining the cation conductivity of an aqueous sample, said
method comprising the steps of:

continuously exchanging cations in said sample for hydrogen ions by contact with a
cation exchange element;

continuously regenerating said cation exchange element with new hydrogen ions; and,

measuring the conductivity and temperature of said sample exiting from said contact

with a cation exchange element.



hydrogen ions and the continuous regeneration of said cation exchange

el enment is perforned using: an anode conpartnent neans with an anode, an
inl et endyoanmtsan outl et end; a cathode conpartnent neanBCWUSHL/Z2@at hode,
an inlet end, and an outlet end; a d@Rrect current power source; two cation

exchange nembr gnes diasg.d it & dhith ARG TRUDELNE S DR Sal d

conpartment having an I nlet neans and an oufl et neans; a cation

exchange i j N j . i s. 33.
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hydrogen igns and the continuous regeneration of said cation exchange
elenent is performed wusing: two electrically insulating plates; with one

of sai d pl at es, hayl0g il Phea@liitll Sbad il SHANNE ol e SaMDI €

stream di spose ween: sail tan on one e o0 pl at e;

second said pl Vi n i.nl n | gt channel. between said
inlet and outl %ﬁ(l:%%tc&n%i‘l%gm{atﬁne n%\gx%ageﬁ%ocﬁa%nﬁ%gggd, fu?ﬂa Ouélﬁgmgutlet on the
sane side of said plate,and a channel between said inlet and outl et
containing a csﬂﬁ%§8W”%ma?W%‘8£Pﬁon exchange nenbrane di sposed between two
said plates, h ving contact with said aﬂgﬁg and sai d cat hode on one side
and contact wi DYP CHPYCXEHMSP meoybrangs spOsRG, i forn,a poraparimsgthstyeendiom, said, - A
met hod for _determ ning the anion conductivity of an aqueous sanple, said
met hod coﬁﬁWP@?ﬂﬁ“gﬁ%%%?ﬂﬁ@? ans 6%?%%%§ﬁméd¥ﬁU801/25264 23 conti nuously

exchangi ng anions. in said sanple for hydroxyl ions by contact with an
g'ng a cation exalange matggal disposed u}/ sal coympartment be¥ween said membranes.

33. A method according to claim 31 wherein the exchanging of cations for
hydrogen ions and the continuous regeneration of said cation exchange element is performed
using:

two electrically insulating plates; with one of said plates having an inlet, an outlet and
a channel for the sample stream disposed between said inlet and out on one side of said plate;
second said plate having an inlet, an outlet, and a channel between said inlet and outlet
containing an anode, and having an inlet and outlet on the same side of said plate and a
channel between said inlet and outlet containing a cathode; and,

a cation exchange membrane disposed between two said plates, having contact with
said anode and said cathode on one side and contact with said sample stream channel on the

opposite side.

34. A method for determining the anion conductivity of an aqueous sample, said

method comprising the steps of:



ani on exchange el enment; continuously regenerating said ani on exchange

el ement with new hydroxyl ions; and, neasuring the conductivity and

t enper at w@ ovi48s@i d ani on portion of said sanple exitingP€T/ORVIEARLE cont act
wi th an ani on exchange el enent. 35. A3nethod according to claim 34 wherein
t he exchangi ng, neration
of said anion eé%c Msg%'ﬁfﬁa%m% g%gﬁsqﬁ)é%ld l‘c’%@ge ﬁﬂ(ﬂ?’&rt}%} go(r?]]gtzla)k %@&Egﬁnggﬁt ment
means V\/ltg{u% Q&% |tnl et end, and an outl et end a cat hode

conpart nmen Means a ’cat hode, an inlet end, and an outlet end a

direct current %Yi\@(;us]?’o eﬁ]gmtél]gv\%l a%o%nex éhg?gﬁggevﬂ ran yﬁ{o %ﬂdto form

a conpart nent % ween and an

tlet d dc t t
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exchangi n ni ons for dr ox S aq e contl nuous regeneration of
said ani o%’“@% Hge é:lmétﬁ‘étﬁ‘f‘ a Infeé&??@ © two electrically

insulating plates; with one of said plates haV| ng an inlet, an outlet and
a channel for the sanple stream di sposed bet ween said inlet and out on one
side of said plate;, secqnd s | at e, havi ng_an i.nl et n.outlet, and a
channel betvvee sai‘%in}e atac‘fiﬁ %5{)1@@%4 exet theexchangipg geaniofl§ ©havi ng an
inlet and o gwig‘g sanme side of sai |l ate and a channel between said
i ot and HotRoRdiong APHRUGUEIReSEEon ghtgld aonesrhngselementisaiproebes 24
an anion eléi%gange menbr ane di sposed bet ween two said plates, having contact
with :

an anode compartment means with an anode, an inlet end, and an outlet end;

a cathode compartment means with a cathode, an inlet end, and an outlet end;

a direct current power source;

two anion exchange membranes disposed to form a compartment between them, said
compartment having an inlet means and an outlet means; and,

an anion exchange material disposed in said compartment between said membranes.

36. A method according to claim 34 wherein the exchanging of anions for
hydroxyl ions and the continuous regeneration of said anion exchange element is performed
using;

two electrically insulating plates; with one of said plates having an inlet, an outlet and
a channel for the sample stream disposed between said inlet and out on one side of said plate;
second said plate having an inlet, an outlet, and a channel between said inlet and outlet
containing an anode, and having an inlet and outlet on the same side of said plate and a

channel between said inlet and outlet containing a cathode; and,



sai d anode and sai d cat hode on one side and cont i [
act with said sanple str
channel on the opposite side. ™ sam
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an anion exchange membrane disposed between two said plates, having contact with

said anode and said cathode on one side and contact with said sample stream channel on the

opposite side.



